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Description 

The present invention relates to a transdermal 
detection system for the detection of a target sub- 
stance which migrates to the surface of the skin of a 
subject by diffusion. More, particularly, the invention 
relates to a transdermal detection system which pro- 
duces a detectable signal as the target substance mi- 
grates to the surface of the skin of the subject. 

Various transdermal devices and systems are 
known for collecting and monitoring body fluids. For 
example, in Peck et al, "A Non-Invasive Transepider- 
mal Toxicol ogica I Monitoring Device", Pittsburgh 
Conference and Exposition on Analytical Chemistry 
and Applied Spectroscopy, March 9> 1982, Meeting 
Abstracts Book, page 366, a transepidermal device is 
disclosed including an adhesive plastic chamber con- 
taining sodium chloride-impregnated absorbant pads 
and an activated charcoal impregnated disc for cap- 
turing a xenobiotic to prevent back transfer from the 
collection device into the body. The Peck copending 
application serial No. 660,778 filed February 11, 
1985 discloses a dermal substance collection device 
including a liquid bridge transfer medium for transfer- 
ring a dermal substance to a binding reservoir mate- 
rial which binds the substance and prevents back 
transfer loss of the substance from the collection de- 
vice. 

The Phillips U. S. patent No. 4,329,999 discloses 
a dermal patch for collecting sweat from a patient 
which includes a collecting pad for absorbing sweat. 
Similarly, the Phillips U.S. patent No. 4,595,011 dis- 
closes a transdermal dosimeter device including a 
dermal contact bridge, a fluid collecting component 
for collecting and storing fluids collected from the skin 
and a process component for binding or chemically 
converting the stored substances. The latter Phillips 
patent suggests that chemical conversion of collected 
substances to produce an observable color change in 
the device may be effected. 

The Fogt et. al. U.S. patent No.4,444,193 disclo- 
ses an absorbent patch device for absorbing sweat, 
which patch device includes a chemical composition 
capable of reacting with chloride contained in the 
sweat 

The Pugliese U.S. patent No. 4,071,020 disclo- 
ses an apparatus and methods for performing in-vivo 
measurements of enzyme activity wherein one or 
more reactants are placed directly on a predeter- 
mined area of the skin surface and are free to migrate 
into the skin. While the apparatus and methods of Pu- 
gliese are not dependent on collection of a substance 
such as sweat or interstitial fluid, they may be danger- 
ous to the subject if the reactants have toxic effects 
upon migration into the skin of the subject. 

Other devices are also known for measuring sub- 
stances, particularly gases, in or emanating from the 
skin. For example, the Clark, Jr. U.S. patents Nos. 



4,401,122 and 4,458,686 disclose apparatus and 
methods for measuring substances, particularly gas- 
es, which diffuse through the skin or are present un- 
derneath the skin in the blood or tissue using polaro- 

5 graphic electrodes or enzyme electrodes. The Vester- 
ager et al U.S. patent No. 4,274,418 discloses an ap- 
paratus for measuring gases, for example oxygen and 
carbon dioxide, which diffuse from blood vessels and 
through skin tissue wherein the gas is directed to a 

10 measuring chamber in which the partial pressure is 
measured. 

The present inventor has discovered that various 
substances migrate to the skin surface of a subject by 
diffusion in the absence of a liquid transport medium 

15 such as sweat and has discovered means for produc- 
ing detectable signals in a transdermal detection sys- 
tem at the skin surface without direct placement of de- 
tector chemicals which are capable of migrating into 
the skin on the skin surface. Known transdermal de- 

20 vices rely on the collection of body fluids such as 
sweat or gaseous substances emanating from the 
skin or the binding of substances transferred through 
a liquid bridge transfer medium, without detection and 
signalling, or employ direct epidermal application of 

25 potentially toxic detector chemicals, and thus are dis- 
advantageous for safely detecting and signaling sub- 
stances which migrate to the skin surface of a subject 
by diffusion. 

It is therefore an object of the present invention 

30 to provide a transdermal system for the detection of 
a substance which migrates to the skin surface of a 
subject by diffusion. It is a more specific object of the 
invention to provide a transdermal system for the de- 
tection of a substance which migrates to the skin sur- 

35 face of a subject by diffusion in the absence of a liquid 
medium such as sweat. It is a related object of the in- 
vention to provide a transdermal system for the detec- 
tion of a substance which migrates to the surface of 
the skin of a subject by diffusion, which transdermal 

40 system does not rely on collecting a fluid from the skin 
surface and does not require direct placement of de- 
tector chemicals which can migrate into the skin on 
the skin surface in order to detect the target sub- 
stance which has migrated to the skin surface of the 

45 subject 

These and additional objects are provided by the 
transdermal detection system according to the pres- 
ent invention which comprises an apparatus for de- 
tecting a target substance which has migrated to the 

so surface of the skin of a subject by diffusion. 

The invention provides an apparatus for the de- 
tection of a target substance which migrates to the 
surface of the skin of a subject by diffusion, compris- 
ing: 

55 detector means including at least one detector 

chemical contained in solution and capable of chem- 
ically reacting with the target substance on the migra- 
tion of the target substance to the surface of the skin 
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of the subject to produce a detectable signal; and 
attachment means for maintaining the detector 

means adjacentthe surface of the skin of the subject; 
characterised in that 

the detector means further comprises a barrier 
means for substantially preventing said detector 
chemical from migrating into the skin of the subject, 
wherein the barrier means comprises either a micro- 
porous membrane containing covalent functional 
groups capable of covalently binding with the detector 
chemical contained in solution, or a permeable or a 
semipermeable membrane, or else a layer of gel. 

The invention also provides a non-invasive meth- 
od for the detection of a target substance by diffusion. 

comprising: 

maintaining a detector means adjacent the 
surface of the skin of the subject the detector means 
including at least one detector chemical contained in 
solution and capable of chemically reacting with the 
target substance on the migration of the target sub- 
stance to the surface of the skin to produce a detect- 
able signal, said detection occurring within the detec- 
tor means; . „.„, 
the detector means further including a barrier 
means for substantially preventing migration of sa.d 
detector chemical into the skin of the subject, the bar- 
rier means comprising either a microporous mem- 
brane containing covalent functional groups capable 
of covalently binding with the detector chemical con- 
tained in solution, or a permeable or a semipermeable 
membrane, or else a layer of gel. 

The apparatus includes detector means and at- 
tachment means for maintaining the detector means 
adjacent to the surface of the skin of the subject The 
detector means includes at least one detector chem- 
ical contained in solution and capable of chemicaHy 
reacting with the target substance as the target sub- 
stance migrates to the surface of the skin of the sub- 
ject to produce a detectable signal, and barrier means 
for substantially preventing the detector chemical 
from migrating into the skin. The terminology in sol- 
ution- describes a uniformly dispersed mixture at the 
molecular or ionic level of one or more substances, 
the solute, in one or more other substances, the sol- 
vent, as is setforth in th. rinsed Chem.ca Dic- 
tiona ry. 10th edition. 6.G. Hawiey. Van Norstrand 
ReinholdCo..1981.7ages 957-958. As is we I known 
in the art. common types of solutions include liq- 
uid/liquid, solid/liquid and solid/solid systems. In ac- 
cordance with the apparatus of the present invent^ 
the detector means is maintained adjacent to the skin 
surface of the subject by the attachment means, and 
the detector chemical contained in solution in the de- 
tector means is capable of chemically reacting with 
the target substance as the target substance morales 
to the surf ace of the skin of the subject in order to pro- 
duce a detectable signal. Thus, the apparatus of the 
invention is not dependent on the collection of sweat 



or other liquid transport medium in order to detect a 
target substance which migrates to the surface of the 
skin of a subject by diffusion. Additionally, the appa- 
ratus of the Invention substantially prevents the de- 
5 tector chemical from migrating into the skin and 
avoidsanytoxiceffectsinthesubjectwhichwouldre- 

sult from the detector chemical migrating the skin of 

1,16 Thesfand additional objects and advantages ac- 
,o cording to the present invention will become more ap- 
parent in view of the following detailed disdosure^ 

The following detailed description will be more 
fully understood in view of the Figure which sets forth 
one embodiment of the transdermal detection appa- 
,5 ratus of the present invention. , . toMIftn 

As set forth above, the transdermal detection 
system of the present invention comprises an appa- 
ratus for the detection of a target substance which m 
grates to the surface of the skin of a subject by d f f u- 
20 sion The apparatus is particularly suitable for detect- 
fng a targe! ; substance which migrates to the surface 
of the skin of a subject by diffusion in the absence of 
a liquid transport medium such as sweat or interstitial 
fluid. The target substance may be any exogenous .or 
25 endogenouschemical.ormicrobiologicalorb.olog.cal 
material which has migrated to the surface of the s*n 
by simple diffusion from within the body The diffu- 
sion of the target substance need not be dependent 

on sweating or on collection of interst t.al fluid. 

so The apparatus according to the invention com-, 
prises detector means including at least one detector 
chemical contained in solution and capable of chem- 
ically reacting with the target substance as the targe 
substance migrates to the skin surface of the subject 
35 to produce a detectable signal. Depend.ng on the ter- 
3 geSstance which is to be detected, the detector 
means may include a mixture of two or more detector 
chemicals contained in solution and capable of chem- 
ically reacting with the target substance as the target 
M substance migrates to the surface of the skin of the 
subject to produce a detectable signal. 

As setforth above, the term "in solution refers to 
a uniformly dispersed mixture at the molecular or ion- 
ic level of one or more substances, the •MhM 
« or more other substances, the solvent The detector 
chemical may comprise a chemical reagent such as 
an acid or a base, antibodies, enzymes, biological re- 
ceptors, and/or mixtures thereof. The detector chem- 
ical may be in a liquid or solid state as long as .t is con- 
so tained in solution in a solvent as defined above Pre- 
ferred solvents comprise liquid aqueous solvents for 
example, water or a saline solution, a gel or the like. 

Suitable transdermal detection systems accord- 
ing to the present invention have been provided 
55 wherein the detector chemical provided in the detec- 
tor means includes an oxidase enzyme contained Ita 
solution in an aqueous solvent. As ,s set J forthir detaU 
in the examples, a transdermal ethanol detect.on sys- 
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tem may be provided wherein the detector chemical 
includes alcohol oxidase and a transdermal glucose 
detection system may be provided wherein the detec- 
tor chemical includes glucose oxidase. Additionally, 
the detector chemical may suitably comprise a mix- 
ture of an oxidase and a peroxidase in solution in an 
aqueous solvent. Horseradish peroxidase, for exam- 
ple, may be used in combination with an alcohol or 
glucose oxidase in a specific embodiment of the de- 
tector means of the present invention. 

The detector chemical contained in the detector 
means is capable of chemically reacting with the tar- 
get substance as the target substance migrates to the 
surface of the skin of the subject to produce a detect- 
able signal. The detectable signal which results may 
be, for example, an optically detectable signal such as 
a visible color change or an electrically detectable sig- 
nal such as a pH change, i.e. a change in the hydro- 
gen ion concentration, or other ion concentration 
change. Other optically and electrically detectable 
signals which may result from the chemical reaction 
of the detector chemical with the target substance wi II 
be apparent to one skilled in the art and are included 
within the scope of the present invention. 

The detector means of the present invention also 
includes a barrier means for substantially preventing 
the detector chemical from migrating into the skin of 
the subject More particularly, the barrier means may 
comprise a microporous membrane containing cova- 
lent linking functional groups which covalently bind or 
link with the detector chemical to substantially pre- 
vent the detector chemical from migrating into the 
skin of the subject. Alternatively, the barrier means 
may comprise a permeable or semipermeable mem- 
brane which allows passage of the target substance 
therethrough while substantially preventing passage 
of the detector chemical to the skin surface of the sub- 
ject and therefore substantially prevents migration of 
the detector chemical into the skin. Asuitable perme- 
able membrane may be formed of a permeable mate- 
rial such as tissue paper while a suitable semiperme- 
able membrane may comprise a semipermeable ma- 
terial such as a dialysis membrane. A semipermeable 
membrane such as a dialysis membrane provides a 
more complete prevention of migration of the detector 
chemical into the skin than the permeable tissue 
membrane. Alternatively, the barrier means may 
comprise a layer of gel, for example, a silicone gel or 
other suitable gel, for substantially preventing the de- 
tector chemical from migrating into the skin of the 
subject. The barrier means is a particularly important 
component of the apparatus of the invention since the 
migration of various detector chemicals into the skin 
of a subject may cause a toxic reaction in the subject. 

The apparatus according to the present invention 
also includes attachment means for maintaining the 
detector means adjacent to the surface of the skin of 
the subject. Because the detector means is adjacent 



the surface of the skin of the subject, the detector 
chemical is available for chemically reacting with the 
target substance as the target substance migrates to 
the surface of the skin of the subject The attachment 
5 means may comprise any components capable of 
maintaining the detector means adjacent the surface 
of the skin of the subject In a preferred embodiment, 
the attachment means includes an adhesive area for 
adhesively maintaining the detector means adjacent 
10 to the surface of the skin of the subject For example, 
one or more adhesive strips or an adhesive perimeter 
portion may be provided as the attachment means. 

In one embodiment of the apparatus according to 
the present invention, the detector means further 
15 comprises a carrier which is saturated with the detec- 
tor chemical contained in solution. Generally, the car- 
rier acts as a physical support for the detector chem- 
ical contained in solution and is particularly suitable 
for use with solid/liquid solutions. The carrier may 
20 comprise a porous support member such as filter pa- 
per or the like or a microporous membrane similar to 
that described previously for use as the barrier 
means. For example, the carrier may comprise a mi- 
croporous membrane containing covalent linking 
25 functional groups which covalently link or bind with 
the detector chemical to hold the detector chemical on 
the carrier. Thus, the carrier may also assist in pre- 
venting the detector chemical from migrating into the 
skin of the subject. The detector means comprising 
30 the carrier saturated with the detector chemical and 
the previously described barrier means, for example, 
a semipermeable or permeable membrane, are main- 
tained adjacent the surface of the skin of the patient 
so that the detector chemical may chemically react 
35 with the target substance as the target substance mi- 
grates to the surface of the skin of the subject to pro- 
duce a detectable signal. Collection of sweat or inter- 
stitial fluid containing the target substance is not nec- 
essary and, when a substantially saturated carrier is 
40 included in the detector means, sweat or interstitial 
fluid collection is not generally possible. 

The apparatus according to the present invention 
may further include cover means for preventing loss 
of the detector chemicals from the apparatus and/or 
45 contamination of the apparatus from external envir- 
onmental substances. For example, an impermeable 
cover means may be provided for covering the surfac- 
es of the detector means which are not positionable 
adjacent the surface of the skin of the subject Suit- 
50 able impermeable cover means may comprise foil, an 
impermeable polymeric material or the like. Addition- 
ally, a removable impermeable cover means may be 
provided for covering the surface of the detector 
means which is positionable adjacent the surface of 
55 the skin of the subject. The removable cover serves 
to preserve the functionality of the detector chemi- 
cals and to prevent contamination of the apparatus 
during storage and prior to use. For example, a peel- 
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able foil or impermeable polymeric material may be 
provided on the surface of the detector means which 
is positionable adjacent the surface of the skin of the 
subject The peelable material may then be removed 
from the apparatus prior to its use for the detection 
of a target substance migrating to the surface of the 
skin of the subject In a preferred embodiment re- 
moval of the removable impermeable cover exposes 
the detector means and the adhesive attachment 
means of the apparatus so that the adhesive means 
may then be applied to the skin surface for use of the 
apparatus in detecting a target substance. 

The apparatus according to the invention may 
further include a signalling means which is capable of 
converting the detectable signal produced by the de- 
tector means Into a form which is easily observable 
by the human eye. For example, a chemical com- 
pound may be included which is capable of reacting 
with the reaction product of the detector chemical and 
the target substance to produce a color change in a 
visible portion of the transdermal detection system. 
Furthermore, the signalling means may comprise a 
reflectance spectrometer for indicating a color 
change in the detector means or a pH or other elec- 
trode and meter for indicating a change in the hydro- 
gen or other ion concentration in the detector means. 
Additionally, the signalling means may include a mi- 
croprocessing unit for converting the detectable sig- 
nal into a numerical measured value. 

Attention is directed to the Figure which discloses 
one embodiment of the apparatus according to the 
present invention. The Figure discloses a transder- 
mal detection apparatus 10 including detector means 
1 2 and attachment means 14. The detector means 12 
includes a porous carrier 16 formed of filter paper 
which is saturated with the detector chemical con- 
tained in solution and a barrier means 18 compnsing 
a membrane material. The adhesive means 14 com- 
prises an annular ring of a plastic polymeric material 
having an adhesive coating on its lower surface 20 
which is adapted for positioning adjacent the surface 
of the skin of a subject. The apparatus further in- 
cludes an impermeable cover 22 formed of an im- 
permeable polymeric material which covers the sur- 
faces of the detector means which are not pos.tion- 
able adjacent the surface of the skin of the subject A 
removable impermeable cover 24 comprising a peel- 
able material is also included in the apparatus and is 
adapted for removal from the apparatus pnor to use 
for the detection of the target substance migrating to 
the surface of the skin of a subject Once the cover 
24 is removed from the apparatus, the adhesive sur- 
faces 20 of the attachment means are positioned on 
the skin surface so that the detector means is main- 
tained adjacent the surface of the skin of the subject, 
with barrier means 18 substantially preventing the de- 
tector chemical from migrating into the skin surface. 
The present invention will be more fully under- 



stood in view of the following examples. 
EXAMPLE 1 

« Atransdermal ethanol detection system was pre- 

pared according to the present invention. The detec- 
tor means comprised a carrier saturated with a mix- 
ture of detector chemicals contained in solution, and 
abarriermeansforsubstantially preventing migration 

,o of the detector chemicals into the skin. Specifically, 
the carrier comprised a 5 x 7.5 mm. rectangular piece 
of filter paper (Whatman No. 40) saturated with a mix- 
ture of 1 .1 units of an alcohol oxidase. 1 unit of horse- 
radish peroxidase and 80 micrograms tetramethyl- 
>5 benzidine contained in solution in 30 ul of 0.04 Molar 
potassium phosphate monobasic-sodium phosphate 
dibasic buffer (pH 7.41) in 3% saline solution. The 
barrier means comprised a 1.1 cm. circular perme- 
able membrane of Kimwipe™ material (supplied by 
20 Kimberly-Clark Corporation). An l»*™«"J£^ 
comprising Saran Wrap™ (supplied by Dow Chemical 
Co ) was also included. The attachment means com- 
prised an annular disc member having adhesive on 
both sides (Double-Stick Disc™ supplied by 3M Cor- 
25 poration). a 1.25 31-75 mm inch outer diameter and 
an 11/32 8.7 mm Inch inner aperture in which the de- 
tector means was positioned. 

The transdermal ethanol detection system as de- 
scribed above may be attached to the skin surface of 
30 a subject in order to detect ethanol which migrates to 
the surface of the skin of a subject by diffusion. When 
the apparatus is placed on the skin surface, the de- 
tector means of ten turns from a light bluish-green col- 
or to a pale cream color. It is believed that this color 
35 change is caused by a change in the apparatus tem- 
perature from room temperature (23-25- C) to the 
skin surface temperature (30-32° C). The color will 
generally remain unchanged if no ethanol migrates to 
the skin surface of the subject However, as ethanol 
40 migrates to the skin surface by diffusion, the detector 
means changes to an increasingly dark green to pur- 
pie-blue color. For example, when attached to the 
skin of a person drinking alcohol atthe rate of one and 
a half beers per hour, the detector means changed to 
45 adarkgreen-bluecolorwithintwotothreehoursatter 
intake commencement Additionally, the detector 
means has turned a green-blue color within 30 min- 
utes of attaching theapparatuato the skin of a subject 
who has already consumed three or more beers a a 
so rate of one and a half beers per hour. The color 
change was clearly visible to the naked eye while the 
apparatus was still attached to the subject The co or 
change was also measured by removing the detector 
means from the apparatus and measuring the de- 
55 crease in reflectance of an infrared beam emitted at 
940 NM in a reflectance spectrometer (Diascan Blood 
Glucose Self-Monitoring Meter supplied by Home Di- 
agnostics Inc.. Eatontown. N.J.). Relative to a control 
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specimen having no contact with ethanol. the appa- 
ratus registered a 5 to 30% unit decrease in percen 
transmittance of the infrared beam, the magnitude of 
the decrease depending upon the amount of ethanol 
which had been consumed by the subject In this ex- s 
ample, the target substance migrated to the skin sur- 
face by diffusion in the absence of sweat 

In the transdermal ethanol detection system of 
this example, the disclosed barrier means or the car- 
rier may be replaced with a microporous membrane 10 
containing covalent linking functional groups. An ex- 
ample of such a membrane is the Pall Immunodyne 
Affinity Membrane supplied by Pall Biosupport Divi- 
sion, East Hills. N.J. The binding of the alcohol ox.- 
dase. horseradish peroxidase and tetramethylbena- is 
dine to the microporous membrane assists in prevent- 
ing migration of these components into the skin 
Thus, the microporous membrane is a particularly 
suitable carrier or barrier means when a detector 
chemical is highly toxic to the subject on rn.grat.on 20 
into the skin. The barrier means used above may a so 
be replaced with a dialysis membrane such as the 
Spectra/Por6 membranes supplied by Fischer Scien- 
tific. Silver Spring. MD (exhibiting a molecular weight 
cut off of 1 000) which substantially prevents the de- 25 
lector chemicals which are unable to pass through the 
membrane from migrating into the skin. 



30 



EXAMPtE 2 

A transdermal glucose detection system accord- 
ing to the present invention is prepared wherein the 
detector means includes a porous carrier saturated 
with a mixture of glucose oxidase, horseradish perox- 
idase and tetramethylbenzidine contained in solution 35 
in a buffered saline solvent and a barriermeans. Spe- 
cifically, the carrier comprises a 5 X 7.5 mm rectan- 
gular piece of filter paper (Whatman No. 40) .mpreg- 
nated with one unit of glucose oxidase. 1.5 units of 
horseradish peroxidase and 80 ug of tetrame hylben- 40 
zidine contained in solution in 30 ul of 0 03 Molarso- 
dium acetate buffer (pH of 5.2) in 3% saline A barner 
means comprising a membrane as set forth in Exam- 
ple 1 is included in the detector means, and the at- 
Lhmentmeanscomprisesanannularadhesivetape 45 

as described in Example 1. An Impermeable plastic 
cover is also provided. 

The transdermal glucose detection system may 
be attached to the skin surface of a subject for a pre^ 
determined time period, for example, six to tweWe 50 
hours. Initially, the detector means will often turn 
from a light bluish-green color to a pale cream color. 
It is believed that this slight color change occurs as a 
result of the change in temperature of the apparatus 
rom room temperature (23 - 25- C) to the tempera- 55 
Ze of the skin surface (30 - 32- C). When attached 
to the skin of a non-diabetic subject, the color of the 
detector means will remain a pale cream color or ex- 



hibit only a slight color change to a very pale green. 
However, when attached to the skin surface of a dia- 
betic subject the color of the Elector means will 
change to an increasingly dark 9«°"- b,u « ^"J* 
glucose migrates to the skin surface Jhe cotor 
change could also be measured as setforth .n Exam- 
ple 1 by measuring the decrease in reflectance of en 
infrared beam. The target substance w.ll migrate to 
the skin surface by diffusion in the absence of sweat 
As setforth in Example 1. the disclosed barner means 
or carrier used in the present example may be re- 
placed with a microporous membrane. The perme- 
able membrane barrier means may also be replaced 
with a semipermeable membrane barner 

The preceding examples are setforth to illustrate 
specific embodiments of the invention. 



Claims 

1 An apparatus for the detection of a target sub- 
' stance which migrates to the surface of the skin 
of a subject by diffusion, composing: 

detector means (12) including at least one 
detector chemical contained in solution and capa- 
ble of chemically reacting with the target sub- 
stance on the migration of the target substance to 
the surface of the skin of the subject to produce 
a detectable signal; and 

attachment means (14) for maintaining the 
detector means (12) adjacent the surface of the 
skin of the subject; 

characterised in that: 
the detector means (1 2) further comprises 
• a barrier means (18) for substantially preventing 
said detector chemical from migrating into the 
skin of the subject, wherein the barrier means 
(18) comprises either a microporous membrane 
containing covalent functional groups capable o 
covalently binding with the detector chemical 
contained in solution, or a permeable or a semi- 
permeable membrane, or else a layer of gel. 



2 An apparatus as defined in daim 1 . wherein the 
' detector means (12) is capable of chemically re- 
acting with the target substance on the migration 
of the target substance to the surface of the skin 
of the subject to produce an optically detectable 
signal. 

3 An apparatus as defined by claim 2. wherein the 
* detector means (12) Is capable of chemically re- 
acting with the target substance on the migration 
of the target substance to the surface of the skin 
of the subject to produce a visually detectable col- 
our change in the detector means. 

4. An apparatus as defined by claim 1 , wherein the 
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detector means (12) is capable of chemically re- 
acting with the target substance on the migration 
of the target substance to the surface of the skin 
of the subject to produce an electrically detect- 
able signal. 

5 An apparatus as defined by claim 4. wherein the 
detector means (12) is capable of chemically re- 
acting with the target substance on the migration 
of the target substance to the surface of the skin 
of the subject to produce an electrically detect- 
able change in an ion concentration in the detec- 
tor means (12). 

6 An apparatus as defined by any preceding claim, 
wherein the detector means (12) further compns- 
es a carrier (16) substantially saturated with the 
detector chemical contained in solution and capa- 
ble of chemically reacting with the target sub- 
stance on the migration of the target substance to 
the surface of the skin of the subject 

7 An apparatus as defined by claim 6, wherein the 
carrier (16) comprises a porous support member. 

8 An apparatus as defined by claim 7, wherein the 
carrier (16) comprises a microporous membrane 
containing covalent functional groups capable of 
covalently binding with the detector chemical 
contained in solution. 



9 An apparatus as defined by any preceding claim, 
wherein the detector chemical is selected from 
chemical reagents, antibodies, enzymes and bio- 
logical receptors and is contained in solut.on in a 
solvent. 

10 An apparatus as defined by claim 9. wherein the 
detector chemical includes an oxidase contained 
in solution in a solvent 

11 An apparatus as defined by any of claims 1 to 8. 
wherein the detector means includes a mixture of 
detector chemicals contained in solution and ca- 
pable of chemically reacting with the target sub- 
stance on the migration of the target substance to 
the surface of the skin of the subject to produce 
a detectable signal. 

12 An apparatus as defined by claim 11. wherein the 
detector chemical includes a mixture of an oxi- 
dase and a peroxidase in solution In an aqueous 
solvent 

13. An apparatus as defined by claim 10 or 12. 
wherein the oxidase is selected from alcohol ox- 
idases and glucose oxidases. 



14 An apparatus as def ined by claim 12. wherein the 
peroxidase comprises horseradish peroxidase. 

1 5 An apparatus as def ined by any preceding claim, 
s ' wherein the attachment means (14) includes an 

adhesive area for adhesively maintaining the de- 
tector means (12) adjacent the surface of the sk.n 
of the subject 

io 16. An apparatus as defined by any preceding daim. 
further comprising an impermeable cover means 
(22) covering the surfaces of the detector means 
(12) which are not posrtionable adjacent the sur- 
face of the skin of the subject 

,5 17 An apparatus as defined by any preceding claim. 
' further including a removable impermeable cover 
means (24) covering the surface of the detector 
means (12) which is positionable adjacent the 

20 surface of the skin of the subject, which remov- 
able cover means (24) is adapted to be removed 
from the apparatus prior to use for the detection 
of a target substance on migration to the surface 
of the skin of the subject. 

25 18. An apparatus as def ined by any preceding claim, 
further including a signalling means capable of 
converting the detectable signal produced by the 
detector means (12) into a form which is observ- 

30 able by the human eye. 

19 An apparatus asdefined by claim 18. wherein the 
'signalling means includes microprocessing 
means. 



35 



20 An apparatus as defined by claim 1 . wherein the 
' target substance is ethanol, the detector means 

includes detector chemicals comprising an alco- 
hol oxidase, horseradish peroxidase and tetra- 
40 methylbenzidine. and wherein the detectable sig- 
nal is a detectable colour change. 

21 An apparatus as defined by claim 1. wherein the 
' target substance is glucose, the detector means 

< 5 includes detector chemicals comprising glucose 
oxidase, horseradish peroxidase and tetrame- 
thylbenzidine. and wherein the detectable signal 
is a detectable colour change. 

22 A non-invasive method for the detection of a tar- 
get substance by diffusion, comprising 

maintaining a detector means (12) adja- 
cent the surface of the skin of the subject, the de- 
tector means (12) including at least one detector 
55 chemical contained in solution and capable of 

chemically reacting with the target substance on 
the migration of the target substance to the sur- 
face of the skin to produce a detectable signal. 
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said detection occurring within the detector 
means; 

the detector means (12) further including 
a barrier means (18) for substantially preventing 
migration of said detector chemical into the skin 
of the subject, said barrier means (1 8) comprising 
either a microporous membrane containing cova- 
lent functional groups capable of covalently bind- 
ing with the detector chemical contained in solu- 
tion, or a permeable or a semipermeable mem- 
brane, or else a layer of gel. 



Patentanspruche 

1 . Vorrichtung fur die Feststellung einer Targetsub- 
stanz, die zu der Oberf lache der Haut einer Per- 
son durch Diffusion wandert, enthaltend: 
Detektormittel (12) mit mindestens einer in L6- 
sung enthaltenen Detektor-Chemikalie, die in der 
Lage ist, chemisch mitderTargetsubstanzbei Mi- 
gration der Targetsubstanz zu der Oberflache 
der Haut der Person zur Erzeugung eines fest- 
stellbaren Signals zu reagieren; und 
Anbringungsmittel (14), urn die Detektormittel 
(12) benachbart zu der Oberf lache der Haut der 
Person zu halten; 
dadurch gekennzeichnet, daB: 
das Detektormittel (12) weiterhin Barrierenmittel 
(18) aufweist, urn die Detektor-Chemikalie im 
wesentlichen daran zu hindern, in die Haut der 
Person zu wandern, wobei die Barrierenmittel 
(1 8) entweder eine mikroporose Membran mit ko- 
valenten Funktionaigruppen. die einer kovalen- 
ten Bindung mit der in Ldsung enthaltenen Detek- 
tor-Chemikalie f&hig sind, oder eine permeable 
Oder halbpermeable Membran oder eine Schicht 
Gel aufweisen. 

2. Vorrichtung nach Anspruch 1 . bei der die Detek- 
tormittel (12) in der Lage sind, chemisch mit der 
Targetsubstanz bei Migration der Targetsubstanz 
zu der Oberflache der Haut der Person zur Er- 
zeugung eines optisch feststellbaren Signals zu 
reagieren. 

3. Vorrichtung nach Anspruch 2, bei der die Detek- 
tormittel (12) in der Lage sind, mit der Targetsub- 
stanz bei der Migration der Targetsubstanz zu der 
Oberf ISche der Haut der Person zur Erzeugung 
einer visuell feststellbaren FarbSnderung in den 
Detektormitteln chemisch zu reagieren. 

4. Vorrichtung nach Anspruch 1, bei der die Detek- 
tormittel (12) in der Lage sind, mit der Targetsub- 
stanz bei der Migration der Targetsubstanz zu der 
Oberflache der Haut der Person zur Erzeugung 
eines elektrisch feststellbaren Signals chemisch 



zu reagieren. 

5. Vorrichtung nach Anspruch 4, bei der die Detek- 
tormittel (12) in der Lage sind, mit derTargetsub- 
s stanz bei der Migration der Targetsubstanz zu der 

Oberfl§che der Haut der Person zur Erzeugung 
einer elektrisch feststellbaren Anderung in einer 
lonenkonzentration in den Detektormitteln (12) 
chemisch zu reagieren. 

10 6 Vorrichtung nach einem vorhergehenden An- 
spruch, bei der die Detektormittel (12) weiterhin 
einen im wesentlichen mit der in Ldsung enthal- 
tenen Detektor-Chemikalie gesattigten Trager 
is (16) aufweist, der in der Lage ist, chemisch mit 
der Targetsubstanz bei der Migration der Target- 
substanz zu der Oberflache der Haut der Person 
zu reagieren. 



20 7. Vorrichtung nach Anspruch 6. bei der der Trager 
(16) ein poroses Tragelement aufweist 

8. Vorrichtung nach Anspruch 7, bei der der TrSger 
(16) eine mikroporose Membran mit kovalenten 
25 Funktionaigruppen aufweist, die zu einer koval- 
enten Bindung mit der in L6sung enthaltenen De- 
tektor-Chemikalie fahig sind. 

9 Vorrichtung nach einem vorhergehenden An- 
30 spruch, bei der die Detektor-Chemikalie aus che- 
mischen Reagenzien, Antikdrpern, Enzymen und 
biologischen Rezeptoren ausgew§hlt und in L5- 
sung in einem LSsungsmittel enthalten ist. 

35 10. Vorrichtung nach Anspruch 9, bei der die Detek- 
tor-Chemikalie eine in Losung in einem L6sungs- 
mittel enthaltene Oxidase umfaBt 

11. Vorrichtung nach einem der Anspruche 1 bis 8, 
40 bei der die Detektormittel eine Mischung aus in 

Losung enthaltenen Detektorchemikalien auf- 
weist, die in der Lage sind, mit der Targetsub- 
stanz bei der Migration der Targetsubstanz zu der 
Oberflache der Haut der Person zur Erzeugung 
45 eines feststellbaren Signals chemisch zu reagie- 
ren. 

12. Vorrichtung nach Anspruch 11 , bei der die Detek- 
tor-Chemikalie eine Mischung aus einer Oxidase 

50 und einer Peroxidase in L6sung in einem waBri- 

gen Ldsungsmittel umfaBt 

13. Vorrichtung nach Anspruch 10 oder 12, bei der 
die Oxidase aus Alkoholoxidasen und Glukose- 

55 oxidasen ausgewahlt ist. 

14. Vorrichtung nach Anspruch 12, bei der die Per- 
oxidase Meerrettichperoxidase umfaBt 
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15. Vorrichtung nach einem vorhergehende An- 
spruch, bei der die Anbringungsmrtte e.nen Kto- 
bebereich zum Webehaltern der Deteldorm.tte 
(12) benachbart der Oberflache der Haul der 
Person enthalten. 

16. Vorrichtung nach einem vorhergehenden An- 
spruch. weiterhin enthaltend undurchlass.ge Ab- 
deckmittel (22). die die Oberflachen der Detek- 
tormittel (12) abdecken. die nicht benachbart der 
ObTrflache der Haut der Person position.erbar 
sind. 

17. Vorrichtung nach einem vorhergehenden An- 
spruch, weiterhin enthaltend abnehmbare un- 
durchlissige Abdeckmittei (24), die d.e Oberf l&- 
che der Detektormittel (12) abdekken. d.e be- 
nachbart der Oberflache der Haut der Person po- 
sitionierbar sind. wobei die abnehmbaren Ab- 
deckmittei (24) sich von der Vorrichtung vor .hrer 
Verwendung fur die Feststelluns , einer ■ Target- 
substanzbeiderMigrationzuderOberflacheder 

Haut der Person entfernen lassen. 

18 Vorrichtung nach einem vorhergehenden An- 
spmch, weiterhin enthaltend Signalisierungsmrt- 
eldielnderLage sind. das von 
te n (12) erzeugte feststellbare S,gnal .n erne 
Form umzuwandeln, die von dem menschUchen 
Auge feststellbar ist 

19. Vorrichtung nach Anspruch 18. bei der die ^Sjgna- 
lisierungsmittel Mikorprozessormrttel enthalten. 

20. Vorrichtung nach Anspruch 1 bei der die Target- 
substan Z Ethanolist,dieDetektorm rt telDetektor- 
ChemikalienunterEinschluBeineralkoholschen 
Oxidase. Meerrettichperoxidase und Tetrame- 
Thylbenz din umfassen. und bei der das festste - 
bare Signal eine feststellbare Farbanderung .st 

21 Vorrichtung nach Anspruch 1. bei der die .Target- 
substanz Glukose ist. die Detektormittel Detek- 

dase. Meerrettichperoxidase und Tetramethyl- 
benzidin umfassen. und bei der das feststellbare 
Signal eine feststellbare Farbanderung ist 
22. NichtinvasivesVerfahrenfOrdieFeststellungei- 
nerTargetsubstanz durch Diffusion, bei dem De- 
tente, (12) benachbart der Oberflache^ der 
Haut der Person gehalten werden. d.e m.nde- 
stenseineinLfisungenthaUeneDetektor-Chemr. 
Kalieenthalten.dieinderUgetet.m.tderW 
substanz bei der Migration der Targetsubstanzzu 
der Oberflache der Haut chemlscl, zu reagie^ 
zur Erzeugung eines feststellbaren Signals, wo- 
be die Feststeliung in den FeststellmitteM auf- 



tritt, bei dem die Detektormittel (12) weiterhin 
Barrierenmittel (18) aufweisen. urn im wesentb- 
chen die Migration der Detektor-Chemikal.e in 
die Haut der Person zu verhindern, und d.e Bar- 
rierenmittel (18) entweder eine ^ kro ^ 
Membran mil kovalenten Funktlonalgruppen. d.e 
einer kovalenten Bindung mit der in L6sung ent- 
haltenen Detektor-Chemikaliefah.gs.nd odereh 

ne permeable Oder eine semipermeable Mem- 
bran Oder eine Schicht Gel enthalten. 



Revendications 

1S 1. Dispositif pour detecter une substance cible _qui 
migre par diffusion a la surface de la peau dun 
sujet, comportant: ... . mir 

des moyens (12) formant dttecteur 
comportant au moins una substance cheque 
formant detecteur oontenue dans une soluho et 
capabledereagirchimiquementaveclasubstan- 

ce cible tors de la migration de la substance able 
a la surface de la peau du sujet pour produrre un 
siqnal pouvant etre dStecte. et 

9 des moyens (14) de fixation f*>"* * 
maintenir les moyens (12) formant detecteur ad- 
jacents a la surface de la peau du sujet. 
caracterise en ce que: 
,es moyens (12) formant detecteur 
component en outre des moyens formant barne- 
SJS pour empecher pratiquement ladite subs- 
tance chimique formant detecteur de m.grer jus- 
ou-a la peau du sujet. dans leque. les moyensfo* 
Lnt barriere (18) sent constitute sort d une 
35 Imbrane micro-poreuse contenan es grou- 
pes fonctionnels covalents capables d Wreflfe 
de maniere covalente a la substance ch.m.que 
forntdetocteurcontenuedansiasotottonso 
una membrane permeable, sort une membrane 
M semi-permeable, ou encore une couche de gel. 

2 Dispositif selon la revendication 1. dans lequel 
I^Uensformantdetecteurtl^^ntc^pable^ 

S reagir chimiquement avec la substance able 
tors de la migration de la substance able a la sur- 
face de la peau du sujet pour produ.re un s,gnal 
pouvant etre detect* de maniere opt.que. 

3 Dispositif selon la revendication 1 ou 2. dans le- 
3 ' moyens formant detecteur (12) sont c^ 

Jablesdereagirchimiquementavecasubstonce 

cible lors de la migration de la substance dWe J 
la surface de la peau du sujet pour produ.re un 
changement de couleur pouvant etre detecte v. 
sSmTnt dans les moyens formant detecteur. 

4 Dispositif selon la revendication 1. dans lequel 
,esmoyensformantdetecteur(12)sontcapables 
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de reagir chimiquement avec la substance able 
lors de la migration de la substance cible vers la 
surface de la peau du sujet pour produire un si- 
gnal pouvant etre detect* de maniere electnque. 

5 Dispositif selon la revendication 4, dans lequel 
' les moyens formant detecteur (12) sont capables 
de reagir chimiquement avec la substance able 
lors de la migration de la substance cible vers la 
surface de la peau du sujet pour produire un 
changement pouvant etre d6tecte electrique- 
mentde la concentration tonique des moyens for- 
mant detecteur (12). 

6 Dispositif selon Tune quelconque des revendica- 
" lions precedentes. dans lequel les moyens for- 
mant detecteur (12) component en outre un sup- 
port (16) pratiquement sature par la substence 
chimiqueformant detecteur contenue en solution 
et capable de reagir chimiquement avec le subs- 
tance cible lors de la migration de la substance a- 
ble vers la surface de la peau du sujet. 

7 Dispositif selon la revendication 6. dans lequel le 
' support (16) est constitue d'un element de sup- 
port poreux. 

8 Dispositif selon la revendication 7, dans lequel le 
support (16) est constitue d'une membrane po- 
reuse contenant des groupes fonctionnels cova- 
lents capables d'etre lies de maniere covalente a 
la substance chimique formant detecteur conte- 
nue dans la solution. 

9 Dispositif selon Tune quelconque des revendica- 
' tions precedentes. dans lequel la substance chi- 
mique formant detecteur est selectionnee parmi 
des reactifs chimiques, des anticorps. des enzy- 
mes et des recepteurs biologiques et est conte- 
nue en solution dans un solvant. 

10 Dispositif selon la revendication 9. danslequella 
substance chimique formant detecteur comporte 
une oxydase contenue en solution dans un sol- 
vant 

11 Dispositif selon Tune quelconque des revendica- 
tions 1 a 8, dans lequel les moyens formant de- 
tecteur component un melange de substances 
chimiques formant detecteur contenues en solu- 
tion et capable de reagir chimiquement avec la 
substance cible lors de la migration de la subs- 
tance cible vers la surface de la peau du sujet 
pour produire un signal pouvant etre detects. 

12. Dispositif selon la revendication 11 dans lequel 
la substance chimique formant detecteur 
comporte un melange d'une oxydase etd une pe- 



roxydase en solution dans un solvant aqueux. 

13. Dispositif S elonlarevendication10ou12dansle- 
quel ('oxydase est choisi parmt les alcool oxyda- 

5 seset les glucose oxydases. 

14. Dispositif selon la revendication 12. dans lequel 
la peroxydase est constitue de peroxydase de 
raifort. 

15 Dispositif selon Tune quelconque des revendica- 
tionV precedentes. dans lequel les moyens de 
fixation (14) component une zone adhesive pour 
maintenir de maniere adhesive les moyens > for- 
f5 mant detecteur (12) adjacents a la surface de la 
peau du sujet. 

16. Dispositif selon Tune quelconque des revindica- 
tions precedentes, comportant en outre des 
,o moyens (22) formant couvercle imperm6able re- 

Lvrantlessurfacesdesmoyensformantd 6 tec- 

teur(12)qui ne peuvent pas etre posrtionnees ad- 
jacentes a la surface de la peau du sujet. 

25 17. Dispositif selon Tune quelconque des revindica- 
tions precedentes. comportant en outre des 
moyens (24) formant couvercle .mpermeable 
amovible recouvrant la surface des moyens for- 
mant detecteur (12) qui peut etre positionnee ad- 
3 o jacente a la surface de la peau du sujet. lesquels 
moyens (24) formant couvercle amov.b e son 
Tdaptes pour "re enleves du dispositif avant 
qu'il ne soil utilise pour detector une substance 
cible migrant vers la surface de la peau du sujet. 

35 18 Dispositif selon Tune quelconque des revendica- 
' tions precedentes. comportant en outre des 
moyens de signalisation capables de convertible 
signal pouvant etre detecte produit par les 
40 moyens formant detecteur (12) sous une forme 
qui peut etre observee par I'oeil huma.n. 



19. Dispositif selon la revendication 18. dans lequel 
les moyens de signalisation comportent des 
, 5 moyens formant microprocesseur. 

20 Dispositif selon la revendication 1. danslequel la 
' substance cible est rethanol. les moyens formant 
detecteur comportent des substances chimiques 
„ formant detecteur constituees da Icool > Dxydase. 
de peroxydase du raifort et de tetramethylbenzy. 
dine, etdans lequel le signal pouvant etre detecte 
est un changement de couleur pouvant etre de- 
tecte. 

M 21 Dispositif selon la revendication 1. dans lequel la 
' substance cible est le glucose, les moyens for- 
mant detecteur comportent des substances chH 
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miques formant d6tecteur constituees de glycol 
oxydase, de peroxydase du raifort et de tetrame- 
thylbenzydine, et dans lequel le signal pouvant 
6tre detecte est un changement de couleur pou- 
vant etre detecte. 

22. Ptocede non invasif destine a la detection d'une 
substance cible par diffusion, comportant les 
etapes consistant a: 

maintenir des moyens formant detecteur 
(12) adiacents a la surface de la peau du sujet. 
les moyens formant detecteur (1 2) comportant au 
moins une substance chimique formant detecteur 
contenue en solution et capable de reagir chimi- 
quement avec la substance cible lors de la migra- 
tion de la substance cible vers la surface de la 
peau pour produire un signal pouvant etre detec- 
te. ladite detection survenant a I'interieur des 
moyens formant detecteur, 

les moyens formant detecteur (12) *o 
comportant en outre des moyens formant bame- 
re (18) pourempecher pratiquement la migration 
de ladite substance chimique formant detecteur 
iusque dans la peau du sujet. lesdits moyens for- 
Tnt barriere (18) etant constitues soil d'une * 
membrane micro-poreuse contenant des grou- 
«ki 0 e<j e selierde 
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maniere covalente a la substance chim.que for- 
mant detecteur contenue en solution, so.t d une 
membrane permeable ou semi-permeable, ou 
encore d'une couche de gel. 
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